Abstract. The flow of water in the water tank of the weir-flow smoke-proof water curtain system is analyzed. Fluent software is used to simulate the form and location, the internal and external design of the water tank. The water outlet flow non-uniformity β is used as the evaluation index of the forming quality of the water curtain. The results show that: 1) The water flow state of the rectangular inlet is better than that of square one, and locate the inlet in the middle is overmatched that in flank. 2) The outlet velocity uniformity of setting partition is higher than that without in the internal structure of the water tank. 3) In the design of the external structure of the water tank, the linear proportion of β is increasing with the decrease of the height of the water tank. With the decrease of the width, β is increasing first and then decreasing, and the trend of variety presents a cubic function.
Introduction
With the vigorous development of green building, green building technologies are applied in a large-scale range, which have brought new problems [1] . The novel form designing may change the structure and space layout. Innovative thermal insulation materials and decoration materials adopted in the buildings may bring fire safety risks. The traditional smoke control forms have shortcomings of evacuation obstacles, bulky, high equipment energy consumption, which results in that the green building smoke prevention model needs to be urgent studied. Based on the diversification, multi-function and integration of green buildings, and the extensive application of new materials, many new and higher requirements are put forward for the fire prevention design method and the corresponding technical regulations. The traditional design methods and the building anti-Smoke modes can't meet the current needs. Therefore, weir-flow water curtain system is put forward in the study. Based on the concept of "four -one environmental protection" of green building, the tank structure of the water curtain system, which is a water saving, energy saving and high efficiency device.
Weir-flow Anti-smoking Water Curtain System
The working principle of Smoke-flow smoke-proof water curtain systemic: Before the fire，the operation of smoke-proof system is turned off, there is no water in the water curtain tank, Once the detector senses smoke, the signal is brought to the controller, the controller operates the circulating pump and opens valves, the water quickly filled in the curtain tank, overflow evenly, forming a layer of continuous water curtain, blocking the spread of smoke. Trapped people fled the scene after a continuous water curtain, and then water screen is restored to the original state, which can achieve the purpose of obstructing smoke and insulating heat.
Fluid Dynamic Analysis of the Tank
Analysis of the flow pattern in a water tank According to the theory of vortex motion [2] , the water flow in the water tank will form eddy. The main characteristics of the turbulence are disorder and no regularity of the fluid motion (pulsation movement). The mixing of fluid particles occurs at different levels, chaotic, and its corresponding physical changes with the space of different intense. Eddy current flow patterns of different internal structures are shown in Figure 1 . Figure 1 . Eddy current phenomena of different internal structure of water tank.
As there is eddy inside the water tank, and the flow path is different with each internal structure, it is difficult to judge the influence of the water tank structure on the water curtain formation quality. After water making swirl movement in the tank, it finally overflows out from the tank outlet. Therefore, by studying the water flow state of the tank outlet of the water tank, the quality of water curtain formation can be analyzed as follow.
Analysis of the influencing factors of the flow at the outlet of the water tank The main function of the water tank is storing, transporting, keeping flow steady and distributing the water, so as to achieve the stable, uniform and continuous water curtain at the horizontal exit. The analysis of the outlet flow pattern is an important aspect of the continuous water curtain performance study. Therefore, the water flow non-uniformity β of the outlet section of the tank is proposed as the evaluation index of water curtain quality. As the velocity profile of the outlet section is the main parameter affecting the water flow heterogeneity, the ratio of the standard deviation of the flow velocity at each point of the cross section to the mean flow velocity of the section represents the flow non-uniformity β, which is calculated as follows:
Where: is outlet section of the water flow non-uniformity, is the speed of the measuring point, is the total number of speed points, is average water velocity. From the definition of the formula, when β is lower, the outlet flow is more stable, the more conducive to the formation of continuous water curtain. After the water flow and water tank structure of the preliminary analysis of the main factors, the results show that : A. water flow rate; B. tank inlet form and location; C. tank internal structure; D. tank external structure; E. water tank export flatness and so on. Setting the fixed water flow of 2m³ / h in this system, the default exit is absolutely flat, therefore, the main research factors is Only BCD.
Inlet Position and Form of Water Tank
There are two main inlet forms of water tank: square and long strip. Square is theoretic open a 40mm × 30mm mouth in the back panel as the inlet, the long strip is the one touse a 40mm × 40mm × 1600mm long square tube in the middle of a 2mm gap for the outlet of the shunt. The inlet location is mainly at different positions of the water tank panel (the bottom of the middle of the rear panel, on the side of the middle panel, the bottom of the side panel). The influence of different inlet forms and positions on β is studied by simulation, and the best form is obtained. 
Model Condition Establishment and Settings
In order to analyze the water inlet form and position of the tank, Fluent software [3] is used to build five models of 1600mm × 160mm × 200mm (length × height × width). The height of the front overflow plate of the water tank is 130mm. Operating conditions are set in Table 1 .For the multiphase flow model, the VOF model is used [4] [5] [6] . The standard k-ε model [7] is selected as the turbulence model, and the model constants are taken as standard values. In the calculation, the water tank is symmetrical about the cross section of the water inlet in the longitudinal direction. Therefore, half of the water tank is used for calculation and analysis. Water tank inlet position and structure of the structure is shown in Figure 2 . 
Simulation Results and Analysis
Simulations of the outlet flow rate of the various conditions are shown in Figure 3 , the results of the outlet β conditions in Table 2 . with the square inlet is 13.6 times of the Long strip one at least, which indicates that the state of the water outlet of the tank is better than the square.
The Internal Structure of the Tank
A partition plate of 130 mm × 1600 mm (height × length) is setting inside the water tank which can extend the flow of water, reduce the turbulence of water flow. The position and the form of the partition are studied in this study. The position of the partition can be placed in the middle or 50mmnear the position of the front panel (rear panel). There are two forms of with orifice plate and non-porous plate, and the porosity of non-porous plate is 0. By simulating the influence of different internal structures, the best internal structure of tank is obtained. The schematic of clapboard structure in water tank is showed in Figure 3 .
The Establishment and Setting of Operating Condition
There is the establishment of 5 models of 1600mm×160mm×200mm water tank, the height of the front overflow plate is 130mm, the height of the partition is 140mm. Conditions are set in Table 3 , the other parameters are the same. Note: Define condition 2 (tank internal structure study) -1 (1 middle, 2 from the front panel 50mm, 3 from the rear panel 50mm) -1 (1 porosity 0,2 porosity 30%, 3 porosity 50%). Water intake settings are the same as the operating conditions 1-2-1.
Simulation Results and Analysis
The simulation of the flow of the various conditions of export flow is shown in Figure 5 , the results of the export conditions are shown in Table 4 . From Figure 5 and Table 4 : 1) Compared with the conditions 1-2-1, Setting the partition in the tank water tank outlet water flow non-uniformity is slightly increased. 2) With the increase of the porosity of the separator, the non-uniformity of the outlet water flow in the tank increases from 0 to 50%, appears the trend of decreasing at first slightly and then increasing. 3) Setting the partition at three different positions of the tank, the closer the former overflow plate, the lower the water tank outlet water flow mom-uniformity is.
External Structure of Water Tank
The length of the water tank is set as 1600mm.The influences of changing width and height on the results are investigated. The water tank height and width changing conditions is shown in Figure 6 . Simulation conditions condition2-1-1 1.01% condition2-1-2 0.46% condition2-1-3 0.53% condition2-2-1 0.93% condition2-3-1 3.05% Figure 6 . Diagram of width and height change.
Height of the Tank
The design of the external height of the tank is studied. The height of the front overflow plate is changed on the basis of working condition 1-2-1 and working condition 2-1-1. The operating conditions 1-2-1-1-1 and the operating conditions 1-2-1-1-2 are changed according to the operating conditions 1-1-1. The operating conditions 2-1-1-1-1 and 2-1-1-1-2 are changed according to the operating conditions 2-1-1. Conditions set in Table 5 , the other parameters set the same conditions. The simulation results show that the outlet velocity of each working condition is shown in Figure  7 , and the export result in each working condition is shown in Table 6 , and the changing trend is shown in Fig 7 . By calculating the water tank exports and changes in the trend: 1) no partition of the tank outlet is higher stability than the partition of the tank outlet; 2) there are partitions and no partitions are with the same former overflow plate height decreases, The formula for
Varies with height of plate Varies with height of plate outlet is y=0.004x-0.001， R 2 =0.986,which also indicates that it will increase by 0.4% for each 10mm height reduction. With or without baffles, the trend is the same, and the relationship is present as linear proportional
Width of the Tank
To design the external width of water tank, which is based on the working condition 1-2-1 of No partitions. Changing the water tank width, setting the operating conditions 1-2-1-2-1 ~ 1-2-1-2-5. There are partitions based on the working conditions 2-1-1, changing the width of the water tank, set the operating conditions 2-1-1-2-1~ 2-1-1-2-5, the conditions are set in Table 7 , other parameters set the same conditions: Simulation of the export of various conditions of flow velocity changes shown in Figure 9 , the exit conditions of the results shown in Table 8 , the changing trend shown in Figure 10 . By calculating the tank outlet non-uniformity and the trend of changing: 1) with or without partition settings, as the width decreases, is increasing at first and then decreasing. The formula for the reduction of the partition with the width is y = 0.001x 3 -0.015x 2 + 0.041x-0.017, R 2 = 0.987; the fitting formula with the width decrease is y = -0.004x 3 + 0.016x 2 -0.016x + 0.007, R 2 = 0.916. The overall trend of change presents a cubic function; 2) For the flow rate of 2m3/h flow settings, the outlet velocity uniformity of none partition is high than with partition.
Conclusions
Through the theory and simulation analysis relating to weir flow smoke control system structure of water tank, the following conclusions are included:
1) The internal fluid kinematics analysis of water tank verifies that water flow of the tank keeps vortex state, as under different internal structure, it appears different vortex path.
2) The tank export flow state is better in rectangular inlet form than that of square one, and with the rectangular inlet stetted in the middle at the bottom of import position, it presents the best performance.
3) Water tank outlet flow non-uniformity of setting partition is slightly higher than that is not set. With the increase of porosity in the diaphragm, the outlet flow non-uniformity is rising from 0 to 50%, and the trend is reducing first and then increasing. The nearer the partition setting, the lower the water tank outlet flow non-uniformity.
4) With reducing the height of partition, the β of outlet presents the same varies trend, and it appears the linear proportional relationship, reducing every 10mm, the up by 0.4%. 5) On the basis of the fixed cistern height, as the width of the tank reducing, β is increasing at first then decreasing. The trend presents a three times function relationship.
